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(54) WOUND CLOSURE DEVICE

(57) A wound closure device (1), in particular a sur-
gical suture (1), comprises
- an elongated body (2) having a cross-sectional area
with diameter D, and
- projections protruding from said elongated body (2),
wherein
- each of said projections is in the shape of a fin-like
angular anchoring element (3, 3’) having a lower base
part (4, 4’) with a base length L, an upper top part (5, 5’),
and a height H,
- said anchoring elements (3, 3’) are arranged in longi-
tudinal direction along the length of the elongated body

(2) one after the other in at least two rows (6, 7), with a
distance G between any two anchoring elements (3, 3’)
in any row (6, 7),
- each of said anchoring elements (3) in a row (6) is
aligned relating to each corresponding anchoring ele-
ment (3’) of any other row (7), and
- each section (8) of the elongated body (2) between two
successive anchoring elements (3) in a row (6) has the
same tapered shape in longitudinal direction, with a
steady change or an essentially steady change in the
cross-sectional area of the elongated body (2).
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Description

[0001] This invention relates to a wound closure device, in particular to a surgical suture. This wound closure device
normally comprises an elongated body having a cross-sectional area with diameter D, and projections protruding from
said elongated body. As a consequence, the wound closure device according to the invention could also be named as
a wound closure device with so-called barbs, in particular a barbed suture.
[0002] Wound closure devices with barbs, especially barbed sutures, have been developed for many years in order
to increase the holding strength e.g. of the suture and/or to eliminate the need for knot tying. The corresponding devices
have been used for closing wounds, for tissue support and for repair of internal tissues such as tendons and ligaments.
[0003] Early embodiments for barbed sutures are e.g. disclosed in US-A-3,123,077 and GB-A-1,091,282. The first
publication shows a surgical suture with sharp-edged, resilient barbs projecting from the elongated body of the suture
in various dispositions. The second publication also shows sutures with a plurality of barbs.
[0004] EP-A2-1656890 describes a machine and method for producing a barbed suture. The corresponding machine
and method can be used to produce sutures with barbs in a regular or staggered disposition.
[0005] Further barbed sutures are disclosed in EP-A1-1075843 wherein protrusions with sharpened ends are sequen-
tially arranged along the length of the surgical thread. Preferably, the protrusions are alternated in section of from one
to four positions.
[0006] In WO-A2-2004/030704, a barbed suture for connecting tissue having an elongated body and a plurality of
barbs projecting from the body is disclosed. The disposition of the barbs on the body may be staggered, twist cut multiple
spiral, overlapping or random.
[0007] The barbed suture disclosed in WO-A1-2009/020795 includes a shaft/body extending longitudinally along a
length of the suture, and a plurality of barbs extending outwardly from said shaft. The barbs are non-symmetrical with
a constant shape and diameter of the shaft between the barbs.
[0008] EP-A1-2449981 describes a barbed medical device, wherein each barb extending from the elongated body
has two different cut angles, and wherein the diameter of the elongated body is constant.
[0009] Finally, in WO-A1-2013/048947, a wound closure device with a stop element coupled to the distal end of a
filamentary element is disclosed. In a preferred embodiment, the wound closure device can have a plurality of projections
extending outwardly from said filamentary element. This filamentary element has a constant diameter over its full length.
[0010] Considering the disclosure of the above mentioned prior art, the present invention also wants to provide a
wound closure device with a self-anchoring capacity, namely a wound closure device having barb elements/projections,
enabling the device, in particular the suture to be pulled through tissue in one direction, but resisting movement in the
opposite direction. However, in this context, the present invention has the object to provide an increased knotless wound
closure capacity intended to securely fixing tissue without using knots. This improvement of the anchoring strength of
the suture/device shall be provided while maintaining passage of the suture/device through biological tissues in one
direction before the suture/device is anchored in the opposite direction.
[0011] This object and further objects are solved by the wound closure device with the features of claim 1 and by the
method for producing it according to claim 17. Preferred embodiments of this inventive wound closure device are defined
in the claims dependent from claim 1. The wording of all claims is herewith incorporated into the description of this
invention by explicit reference.
[0012] Referring to what is mentioned above, the present invention discloses a wound closure device comprising an
elongated body having a cross-sectional area with diameter D, and projections protruding from said elongated body,
i.e. beyond the (outer) surface of said elongated body. Further, according to the invention,

- each of said projections is in the shape of a fin-like angular anchoring element having a lower base part with a base
length L, an upper top part, and a height H,

- said anchoring elements are arranged in longitudinal direction along the length of the elongated body one after the
other in at least two rows, with a distance G between any two anchoring elements in any row,

- each of said anchoring elements in a row is aligned relating to each corresponding anchoring element of any other
row, and

- each section of the elongated body between two successive anchoring elements in a row has the same tapered
shape in longitudinal direction, with a steady change or an essentially steady change in the cross-sectional area of
the elongated body, and consequently a corresponding change in diameter D.

[0013] The following explanations of the terms used to define the subject-matter of claim 1, namely the inventive wound
closure device, can be further understood by reference to Figs. 1 and 2. As a consequence, the disclosure of these two
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Figs. 1 and 2 can be used to further clarify these explanations.
[0014] The term "fin-like angular anchoring element" is to be understood that this anchoring element essentially is in
the shape of a vertical fin or vertical stabilizer of a tail unit or empennage of an aircraft. In this context, according to the
present invention, opposite sides of this shape must not be necessarily parallel.
[0015] These fin-like angular anchoring elements, being the projections or barbs protruding beyond the surface of the
elongated body, have a lower base part with a base length L, wherein, according to Fig. 2, this base length L is defined
on the elongated body via a virtual plane on the elongated body and two parallel planes defined by the limits of the
anchoring element. Further, the fin-like anchoring elements have an upper top part (see Fig. 1), and a height H. According
to Fig. 2, this height H is defined via the virtual plane on the elongated body and the upper limit of the anchoring element.
[0016] In the cross-sectional area of the elongated body, a diameter D according to the present invention is defined
to be the distance, in particular the smallest distance, between two opposite points on the virtual plane perpendicular to
the longitudinal direction of the elongated body between successive anchoring elements. According to Fig. 2, diameter
D is marked with respect to a wound closure device having two rows of anchoring elements with a rotational off-set of
180°. In this graphic representation, D is chosen to be the smallest distance in the smallest cross-sectional area of the
tapered-shaped section of the elongated body between two successive anchoring elements.
[0017] In this context, it has to be mentioned that diameter D could be also defined to be an "inner diameter" of the
inventive device, as this diameter D characterizes the inventive device without consideration of the anchoring elements.
As it will be discussed later, one could also define an "outer diameter D0" which considers the anchoring elements
protruding from the elongated body. As it can be seen from Fig. 2, said (outer) diameter D0 can be defined to be (inner)
diameter D + 2 · height H. Clearly, this definition can vary, as e.g. according to the invention not all anchoring elements
necessarily have to have the same height H.
[0018] Further, as it is shown in Fig. 1, the distance G between two adjacent anchoring elements in a row is to be
understood as the distance between the outer limits of these two anchoring elements, facing into the same direction
along the length of the elongated body.
[0019] As stated above, each of the anchoring elements in a row has to be aligned relating to each corresponding
(opposite) anchoring element of any other row. The term "aligned" is to be understood that there is no significant deviation
in the position of the corresponding anchoring elements, related to a virtual plane perpendicular to the longitudinal
direction along the length of the elongated body and parallel to the cross-sectional area of the elongated body. In
particular, it is preferred that in a graphic representation according to Fig. 2, base length L plotted for an anchoring
element in one row must have at least an overlap with base length L plotted for each corresponding (opposite) anchoring
element of any other row, which has to be "aligned" relating to the anchoring element mentioned first.
[0020] Finally, according to the invention, each section of the elongated body between two successive anchoring
elements in a row has a tapered shape, i.e. this section essentially has the geometrical shape of a truncated cone.
Further, this truncated cone with its tapered shape in longitudinal direction has a steady change or an essentially steady
change in the cross-sectional area of the elongated body. Preferably, the smaller (top) area of said truncated cone is
oriented into the longitudinal direction of the elongated body in which this body will be inserted into the tissue before
anchoring (see e.g. Fig. 2).
[0021] According to the invention, each section of the elongated body between two successive anchoring elements
in a row has essentially the same tapered shape in longitudinal direction (with the corresponding anchoring elements
inbetween). Therefore, one could also define an inventive wound closure device in a way that it is put together from the
above-mentioned sections with the same tapered shape in longitudinal direction, or in the way that those sections are
repeated to form the inventive wound closure device (together with the corresponding anchoring elements inbetween).
[0022] While the inventive wound closure device, in particular the surgical suture can consist of several filaments,
braided or twisted together, or can be a pseudo-monofilament (braided or twisted core with sleeve), it is preferred to be
a monofilament, i.e. it consists of only one thread-like structure.
[0023] As disclosed above, according to the present invention, there have to be at least two rows of anchoring elements
in longitudinal direction along the length of the elongated body, wherein said anchoring elements in a row are aligned
relating to each corresponding anchoring element of any other row. As a consequence, it is possible to provide e.g.
three rows or four rows of anchoring elements on the elongated body.
[0024] Nevertheless, in preferred embodiments of the present invention it is preferred to provide two rows of anchoring
elements protruding from said elongated body. While it is possible to rotationally off-set (space apart from each other)
those two rows in any reasonable angle, e.g. by 90° or 120°, it is preferred that these two rows have a rotational off-set
of 180° from each other with regard to the longitudinal axis of the elongated body. With this disposition of the anchoring
elements in these two rows, the anchoring strength of the device, in particular the suture, is improved.
[0025] As defined above and also referring to Fig. 2, the fin-like angular anchoring elements in the inventive device
can be described to have the shape of the vertical fin of an aircraft empennage. In this context, it can also be said that
in a preferred embodiment of the inventive device, said anchoring elements have a trapezoidal shape. This trapezoidal
shape is to be considered in a side view onto the anchoring element.
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[0026] It is further preferred according to the invention that the anchoring elements have an arch-like shape, wherein
preferably said anchoring elements have an arched upper top part. Preferred features of these anchoring elements will
be explained in further detail in context with the drawings. The arched contact area of the anchoring element, in particular
of its upper top part, allows an improved anchoring of the anchoring elements in tissue.
[0027] Further, it is preferred according to the invention, that the anchoring elements have at least one pointed edge
at their upper top part, preferably at their arched upper top part. In the latter case preferably an arched pointed edge on
each anchoring element is provided, which runs along the upper top part of each anchoring element. As it will be explained
later in context with the drawings, this pointed edge improves significantly the anchoring strength of the device in biological
tissues.
[0028] The superior anchoring effect of the inventive suture is related to the characteristic open geometry of the
inventive surgical suture with anchoring elements having fin-like angular shape, resulting in that the main contact inbe-
tween suture-tissue mainly occurs in the preferably arched upper top part of the anchoring element.
[0029] The pointed edge as mentioned above can be defined preferably in a sectional view, e.g. as explained e.g. in
Fig. 2, by a point angle α. Preferably, said point angle α can be ≤ 70°, wherein it is preferred that the point angle α is
between 15° and 60°. Within this latter range, point angles between 20° and 55° are further preferred.
[0030] Referring now to the inclination of the anchoring elements relating to the surface of the elongated body an
inclination angle β can be defined (see Fig. 2), namely between a virtual plane on the elongated body and the corre-
sponding plane defined by the (interior) limit of the anchoring element. In this context, it is possible to provide the
anchoring elements with an inclination angle β of 90° between said anchoring element and said surface. In these
embodiments, the anchoring elements will protrude from the longitudinal body vertically. However, as it is beneficial for
a (smooth) passage of the inventive device through biological tissues (in one direction), inclination angles β ≤ 85° are
preferred. With these embodiments, the anchoring elements, where appropriate, could give way or can even (slightly)
bend in direction to the surface of the elongated body. In this context, inclination angles β between 20° and 80° are
preferred, wherein in this range inclination angles β between 20° and 75° are further preferred. Also preferred are
inclination angles β between 35° and 65°.
[0031] According to the invention, not all anchoring elements in a row must have the same height H. In principle, it is
possible to choose the height H of the anchoring elements in a row randomly or in a specific, e.g. alternating order.
Nevertheless, it is preferred, that all anchoring elements in a row have the same height H. This choice of the same height
H has also advantages in the production of the inventive device which will be explained later.
[0032] In view of the above discussion of the height H relating to the anchoring elements in one row, it is also preferred
that the anchoring elements in all rows on the elongated body have the same height H.
[0033] Also, with respect to the distance G between any two anchoring elements in any row it is possible to choose
different distances G between two anchoring elements in a row. In this context, it is also possible to choose this distance
G randomly or in a specific order, e.g. in an alternating order. Nevertheless, in particular due to the easier manufacturability,
it is preferred that distance G between any two anchoring elements in a row is constant.
[0034] In order to optimize the inventive device by maintaining an easy passage of the device through biological tissue
in one direction while improving significantly the anchoring strength of the device in the opposite direction, it is preferred
to choose specific ratios between diameter D, related to the cross-sectional area of the elongated body, and above-
mentioned parameters, namely height H and distance G. Further, specific ratios between base length L and distance G
can be of advantage. For determining these ratios, diameter D, height H, distance G and base length L are determined
as explained above in context with Figs. 1 and 2.
[0035] As a consequence, preferred embodiments of the invention are defined by a ratio between diameter D and
height H from 1:0.3 to 1:5, in particular from 1:0.8 to 1:3. Within the latter range, ratios D:H from 1:1 to 1:2 are further
preferred.
[0036] Further, ratios between diameter D and distance G from 1:0.8 to 1:15, in particular from 1:1 to 1:10, are preferred.
Within the latter range, ratios D:G from 1:1.5 to 1:6 are further preferred.
[0037] Relating to the ratio between base length L and distance G, values for these ratios from 1:0.8 to 1:6, in particular
from 1:1 to 1:3, are preferred.
[0038] As already mentioned it is preferred according to the present invention that the new wound closure device is
a surgical suture or surgical thread. Such a surgical suture is the classical example of an inventive device with an
elongated body and projections protruding beyond the surface of said elongated body with the features according to the
invention.
[0039] Further, it is preferred that the inventive device, in particular the inventive surgical suture, is provided in em-
bodiments in which a majority of said anchoring elements in a row point in the same longitudinal direction along the
length of said elongated body, i.e. they have the same orientation along the length of the elongated body. In this context,
if pointed edges are provided at said anchoring elements, it is further preferred that also a majority of said pointed edges
point in the same longitudinal direction along the length of said elongated body.
[0040] Referring to the preferred embodiments mentioned above, it is further preferred that all said anchoring elements
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in a row, in particular also all said pointed edges of said anchoring elements, point in the same longitudinal direction
along the length of said elongated body.
[0041] If a majority of the anchoring elements and possibly of their pointed edges point in the same longitudinal
direction, it is understandable that a passage of the device through the tissue is possible in one direction, while the
device resists movement in the opposite direction. This effect is even higher if not only a majority of said anchoring
elements/pointed edges, but all anchoring elements/pointed edges point in the same longitudinal direction along the
length of the elongated body.
[0042] In this context it is also understandable that this effect is even much higher, if a majority of the anchoring
elements or pointed edges of all rows, or even all anchoring elements or pointed edges of all rows point in the same
longitudinal direction, which refers to further preferred embodiments of the inventive device.
[0043] If a majority or all anchoring elements/pointed edges of a row or preferably of all rows have the same orientation,
i.e. point in the same longitudinal direction, the wound closure device, in particular the surgical suture, can be designated
to be an "unidirectional" or "monodirectional" barbed device or suture.
[0044] With other embodiments of the inventive device there are at least two portions of an elongated body with
anchoring elements, wherein preferably said anchoring elements of said two portions, and in particular also said pointed
edges of said anchoring elements, point in opposite longitudinal directions along the length of said elongated body.
Inventive devices according to these embodiments resist movement of the device in the tissue in opposite directions so
that there are flexible applications for those inventive devices. If there are two portions of an elongated body with anchoring
elements pointing in opposite longitudinal directions, the corresponding device or suture can be designated to be a
"bidirectional" barbed device or suture.
[0045] According to the invention, it is also possible to provide with the inventive device or suture at least one portion
of an elongated body without projections. As a consequence, there are portions of the device with the inventive function
of a barbed device or suture, and portions of the device without that function. Therefore, anchoring elements are only
provided in those parts along the length of the elongated body in which the function of the anchoring elements/barbs is
desired. For example, those portions without projections can be provided between portions with projections pointing in
opposite longitudinal directions.
[0046] With the last mentioned embodiments it is further preferred that said portions of the elongated body without
projections are provided at at least one (very) end of said elongated body, in particular at the end of said surgical suture.
Normally, at that (very) ends, at least one pointed end or needle is provided to enable the entry of the device or suture
into biological tissue and/or the passage of the device or suture through biological tissue.
[0047] Preferably, in the embodiments of the inventive device mentioned above with portions of an elongated body
without projections, those portions without projections have a diameter D1 representing the cross-sectional area of said
portion, which is different from, in particular greater than (inner) diameter D representing the cross-sectional area of an
elongated body with anchoring elements.
[0048] According to the invention, in preferred embodiments, the wound closure device, in particular the surgical
suture, comprises at least one pointed end, in particular a surgical needle, at at least one end of said elongated body.
This end of said elongated body with the pointed end or surgical needle is opposite to the orientation of the corresponding
anchoring elements, i.e. to the longitudinal direction in which the corresponding anchoring elements (and possibly also
the pointed edges of said anchoring elements) point. Preferably, said pointed end or surgical needle is provided at a
portion of the elongated body without projections, wherein said portion without projections preferably has a diameter D1
greater than diameter D of the elongated body with projections/anchoring elements.
[0049] Referring to the above-mentioned embodiments, an unidirectional or monodirectional barbed device or suture
can be provided with a pointed end or surgical needle at one (proximal) end of the elongated body and with anchoring
elements pointing into the longitudinal direction opposite to the direction of the end with pointed end or needle. There
is also the possibility to provide a bidirectional barbed device or suture with pointed ends or surgical needles at both
ends of the elongated body, with two portions of an elongated body with anchoring elements each pointing in a direction
opposite to the longitudinal direction of its pointed end or needle.
[0050] The diameter of the pointed ends, in particular the diameter of the surgical needles (which is designated in the
following as DN), is chosen to support the function of the inventive device, in particular of the inventive suture. In this
context, on the one hand diameter DN has to be great enough that the inventive device can be inserted into tissue and
guided through the tissue in one direction. On the other hand, with the present invention the anchoring capacity is,
contrary to surgical sutures known from the prior art, not so related to or limited by the incision channel and guiding
channel that the pointed ends, in particular the surgical needles provoke in tissue. Due to the advantageous design of
the inventive wound closure device, in particular of the inventive surgical suture, with its anchoring elements having a
fin-like angular shape, a strong contact between the walls of the incision and guiding channel and the anchoring elements
of the inventive device is possible. This is particularly true, if the preferred features and ratios mentioned in the dependent
claims of the present invention are fulfilled. In these cases, the anchoring elements of the inventive device are particularly
prominent and firm, resulting in a very strong interaction between the inventive device with its anchoring elements and
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the tissue in which this device is used.
[0051] As a consequence, it is not only possible to use surgical needles with the present invention having a diameter
DN which is larger than or equal to the (outer) diameter D0 of the inventive surgical suture (as it is also the case with
barbed sutures known from the prior art). According to the present invention it is also possible, and even preferred to
choose a diameter DN of the surgical needle which is smaller than the (outer) diameter D0 of the inventive surgical
suture (D0 ≥ DN). Due to the specific design of the inventive surgical suture also in these cases a full anchoring capacity
can be provided in the tissue.
[0052] Specific ratios between diameter DN and D0 from 1:0.70 to 1:1.70, preferably 1:0.75 to 1:1.60, in particular
from 1:0.80 to 1:1.40 are further preferred.
[0053] According to the invention, preferably the elongated body and the projections, i.e. the anchoring elements, are
made from the same material. According to these embodiments the whole wound closure device, in particular the whole
surgical suture, preferably in the form of a monofilament, essentially consists of the corresponding material (possibly
with the exception of any pointed ends, e.g. surgical needles, and/or any stopping elements and/or any additives or
active agents).
[0054] The material for the inventive device can in principle be chosen from all materials already used in the field, in
particular for surgical sutures, in particular from polymers. The polymers can be resorbable polymers or non-resorbable
polymers or partially resorbable polymers. Examples of polymers that can be used are homopolymers, copolymers,
terpolymers or tetrapolymers, etc. Suitable polymers are, for example, block polymers, in particular block copolymers
or block terpolymers, or graft polymers. The use of arbitrary or random or alternating copolymers or terpolymers is also
possible according to the invention.
[0055] In a preferred embodiment, the used material is made from a resorbable polymer from the group including
polylactide, polyglycolide, poly-ε-caprolactone, poly-para-dioxanone, poly-trimethylene carbonate, polyhydroxybutyric
acid, mixtures thereof, copolymers thereof and ter-polmyers thereof. The used material is also preferably made from a
resorbable copolymer or terpolymer which comprises at least one monomer from the group including lactide, glycolide,
trimethylene carbonate, para-dioxanone and ε-caprolactone. For example, the material used for the invention can be
made from a terpolymer, preferably a triblock terpolymer, comprising glycolide, trimethylene carbonate and ε-caprolac-
tone.
[0056] The non-resorbable materials can be polymers, metals, metal alloys or natural fibres, for example silk or cotton.
However, in this embodiment, non-resorbable polymers are preferred, particularly from the group including polyolefins,
polyesters, polyamides, polyurethanes, mixtures thereof, copolymers thereof and terpolymers thereof. For example, the
material according to the invention can be formed from polypropylene, polyethylene terephthalate, a linear and preferably
aliphatic polyurethane, polytetrafluoroethylene and/or nylon.
[0057] In further preferred embodiments, the used material comprises at least one additive as an active agent. Said
additives can be part of the corresponding material, e.g. they can be blended or mixed to this material. However, it is
also possible that these additives are provided in the form of a coating or layer on the material, e.g. on the surfaces of
the elongated body and/or projections. Preferably, the used material comprises additives selected from the group con-
sisting of biological agents, medical agents, pharmaceutical agents, cells, and/or combinations thereof.
[0058] Biologically active agents are preferably differentiation factors, growth factors, recruiting factors and/or adhesion
factors. Appropriate growth factors may be selected from the group consisting of fibroblast growth factor (FGF), trans-
forming growth factor (TGF), platelet derived growth factor (PDGF), epidermal growth factor (EGF), granulocyte-mac-
rophage colony stimulation factor (GMCSF), vascular endothelial growth factor (VEGF), insuline-like growth factors
(IGF), hepatocyte growth factor (HGF), interleucin-1 B (IL- 1 B), interleucin-8 (IL-8), nerve growth factor (NGF), and
combinations thereof.
[0059] Medical and/or pharmaceutical agents may be antimicrobial agents, in particular antibiotic agents, disinfecting
agents, oncological agents, wound-healing agents, anti-scarring agents, pain-killing agents, growth-promoting agents,
anti-inflammatory agents, analgetic agents and/or odor-controlling agents.
[0060] Suitable antimicrobial agents may be selected from the group consisting of biguanide, chlorhexidine diacetate
(CHD), polyhexamethylene biguanide (PHMB), triclosan, gentamycin, copper, zinc, silver, gold, salts thereof, stereoi-
somers thereof, and combinations thereof.
[0061] A preferred anti-scarring agent may be an angiotensin I enzyme inhibitor such as captopril.
[0062] Preferred cellular additives may be somatic cells, in particular autologous cells like fibroblasts, chondrocytes
and or precursor cells, in particular stem cells, for example. A cellular additive to the material is advantageous in that
substances produced and secreted by the cells may be an aid in accelerating wound healing, for example.
[0063] Furthermore, substances, like collagen and/or hyaluronic acid for example, may be particularly beneficial in
plastic surgery to achieve cosmetically satisfactory results, like a smoothing of wrinkles, for example.
[0064] The inventive wound closure device, in particular the inventive surgical suture, can be produced according to
different methods, e.g. by cutting methods or by molding methods (from melt or solution, injection molding, compression
molding and others). Stamping, drilling, lasering and overmolding are also possible methods.
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[0065] However, it is preferred that the inventive device, in particular the inventive suture is produced according to an
inventive method in which

1. an undrawn elongated body, preferably a monofilament is pre-stretched along its longitudinal direction (along its
length),

2. cuts are made into the pre-stretched elongated body, and then

3. this pre-stretched elongated body with cuts is stretched or drawn (apart) in its longitudinal direction, in order to
form the inventive surgical suture with the anchoring elements according to the invention. After this stretching step
the elongated body has a diameter D1 in any portions, where no cuts have been provided according to step 2., and
a diameter D in all portions, where cuts have been provided according to step 2.

[0066] The undrawn elongated suture, preferably provided in the form of a monofilament preferably has a circular or
oval cross-sectional area. However, it is also possible to provide a suture with other cross-sectional shapes. For example,
the suture can have triangular, square, trapezoidal, rhomboid, pentagonal, hexagonal, star-shaped or cross-shaped
area as a cross-section. Such shapes can be e.g. easily formed with the aid of extrusion dies, which can be provided
with any desired cross-sectional shape for the extruded bodies.
[0067] On the one hand the pre-stretching step serves to straighten the fiber and to remove the memory of the thread
caused by the round shape of the spool the fiber was wound on after the extrusion. On the other hand it is advantageous
to prepare the fiber for the following cutting process, because during the pre-stretching the fiber and its surface get more
rigid. It is assumed that this change of rigidity of the fiber is due to the alignment/crystallization of the polymer chains
during pre-stretching.
[0068] During the cutting step, for each anchoring element which is later present in the inventive device, namely on
the corresponding elongated body, exactly one cut has to be provided. As a consequence, in order to provide projections
for the inventive device which are arranged one after the other in at least two rows, it is necessary in the cutting step to
provide cuts for each projection in the at least two rows. If, according to the invention, a preferred arrangement of
projections in two rows with a rotational off-set of 180° is to be provided, in the second production step cuts have to be
provided in two rows with a rotational off-set of 180°. All these cuts can be provided one by one, or simultaneously in
groups, or simultaneously all cuts together. E.g. all cuts in a row can be made simultaneously.
[0069] In this context it has to be mentioned, that with the inventive method, under normal circumstances during the
cutting process no projections protruding above the surface of the material will be present. The cutting process will simply
result in a cut, but not in a projection.
[0070] In order to produce the inventive device, in particular the inventive suture, it is preferred that in the second step
the cuts are placed in an angle ≤ 70°, preferably between 15° and 60°, in particular between 20° and 55°, with regard
to the longitudinal axis of the monofilament.
[0071] With regard to the diameter of the undrawn elongated body (starting material of step 1.) it is preferred that the
cuts are provided with a depth of between 5% and 50%, in particular between 25% and 45%, of this diameter.
[0072] The cuts can be provided mechanically, preferably by using at least one cutting blade. In this context, it is
possible to use only one blade, e.g. to provide all cuts in one row, and then to provide the corresponding cuts in (at least)
another row. Nevertheless, it is also possible to use two or more blades, in order to provide (aligned) cuts in at least two
rows simultaneously. In all these cutting processes either the blade(s) or the suture can be moved in order to bring the
blade(s) to the position of the next cut(s).
[0073] The projection which protrudes from the material is provided by the above mentioned third step, namely the
stretching/drawing step in which the suture material, preferably the pre-stretched monofilament (with the cuts) is pulled
(apart). In this step, the e.g. pre-stretched monofilament material is further stretched/elongated whereby the fin-like
angular elements according to the invention protrude. Simultaneously the sections with a tapered shape in longitudinal
direction according to the invention are formed. After the second (cutting) step, the suture, in particular the monofilament
material (with cuts) is brought in its drawn state. This is done by pulling the material in at least a part of its length apart.
In this third step the material is elongated and simultaneously the fin-like angular anchoring elements raise beyond the
surface of the elongated body. Also the corresponding sections between two successive anchoring elements with tapered
shape are formed.
[0074] The drawing step can be preferably done with the application of heat, depending on the material, in particular
polymer material, from which the monofilament is made. The usual temperature range for the drawing step is between
20°C and 150°C.
[0075] Further, the inventive wound closure device, in particular the inventive (unidirectional) surgical suture, preferably
can comprise at least one stopping element at the end of said elongated body which is in the longitudinal direction in
which the anchoring elements and possibly also the pointed edges of said anchoring elements point. The stopping
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element has the function to further fix the position of the device in the tissue or relating to the tissue after the device has
been anchored in the tissue via the anchoring elements provided on the elongated body of the device. As a consequence
said stopping elements can be also named fixation elements or locking elements or fixation effectors or end effectors
or the like. E.g. a variety of stopping elements known from the prior art is disclosed in WO-A2-2005/112787.
[0076] Among others, the stopping element used according to the invention can be in the form of a (small) bar, a
(small) tab, a (small) plate or a (small) stripe. With all these embodiments the corresponding stopping element extends
(or is able to extend during use) radially outwardly of the elongated body in a plane substantially perpendicular to the
longitudinal axis of the elongated body. For enhancing its function the stopping element can comprise additional features
like additional self-gripping elements (e.g. rake-like stopping element).
[0077] Further embodiments of stopping elements which can be used according to the invention include a loop, a
double loop, a sliding loop, or a sliding knot. Other embodiments include a (short) bidirectional barbed segment as a
stopping element or a bulbus as a stopping element.
[0078] Other stopping elements which can be also used according to the invention include structures which can be
transferred during use from an unzipped to a zipped configuration. These are configurations with a zig-zag-locking design
or with a spring locking design.
[0079] Also tubular constructions are possible as a stopping element wherein e.g. an initially tubular element is locked
during use of the surgical suture to a flat element blocking further motion of a suture.
[0080] According to the present invention, use of a stopping element in the form of a flat tab is preferred. Together
with the elongated body of the surgical suture such a tab gives the suture with stopping element a so called "T-shape".
The surgical suture with these stopping elements in the form of a tab can also be transferred into this "T-shape" design
when the surgical suture is anchored in the tissue. This will be explained later in connection with the drawings.
[0081] The stopping elements in the form of a tab can have a circular shape, an oval shape or an angular shape. With
angular tabs it is preferred that the edges of these angular tabs (triangle, rectangle, square or the like) are rounded in
order to avoid any unnecessary damage of tissue.
[0082] Depending on the actual design of the tab-like stopping elements the maximum dimensions of these stopping
elements (length, width, diameter) preferably do not exceed 4.5 mm, and are preferably ≤ 3.5 mm. E.g. with a rectangular
tab-like stopping element the larger dimension in the plane of the tab is preferably ≤ 4 mm, in particular between 3.5
mm and 2.5 mm, and the smaller dimension is ≤ 3.5 mm, in particular between 2 mm and 1 mm.
[0083] The thickness of the tab used as a stopping element does preferably not exceed 0.4 mm. Preferably said
thickness is ≤ 0.3 mm, preferably between 0.2 mm and 0.1 mm.
[0084] The stopping element which can be used according to the invention can be made of any suitable material which
is already used in the field as a material for surgical sutures. Therefore, any of the suture materials and structures which
are discussed above can be used to construct the stopping elements discussed in this description.
[0085] It is further preferred that the stopping element used together with a surgical suture is made from the same
material as the material for the surgical suture.
[0086] The methods for producing the stopping elements according to the present disclosure are within the purview
of those skilled in the art and include, but are not limited to, stamping, die cutting, drilling, lasering, molding (melt, solution,
injection, compression, etc.) and overmolding. Also, stopping elements may be constructed by glues, adhesives, ultra-
sonic welding or heat welding, or other methods as selected by one of ordinary skill in the art.
[0087] Further advantages and features of the invention will become clear from the following description of the example
and of the drawings in conjunction with the dependent claims. The individual features can be realized either individually
or in combination in a corresponding embodiment of the invention. The drawings merely serve for illustration and better
understanding of the invention and are not to be understood as in any way limiting the invention.

Example 1

Manufacturing of an Inventive Surgical Suture

Step 1: Extrusion

[0088] Polyglyconate granulate was dried for 18h at 70 °C in a vacuum at a pressure of < 10-1 mbar before the extrusion.
The extrusion was performed on a Berstorff twin-screw extruder (temperature profile 205 °C, 215 °C, 215 °C) connected
to a melt pump (215 °C, 0.25 ccm/rotation, 17.7 rpm (nominal value), die pressure 130 6 30 bar) to ensure a homogenous
flow of the polymer melt through the monofilament die and therefore a homogeneous diameter of the resulting monofil-
ament. After passing through the die, the resulting fiber is quenched in a water bath (44°C 6 2 °C) and passed over
motorized godets/rollers (speed of 10 rpm) to be finally wound in one layer on cylindrical spools made of metal. The
resulting monofilament had an average diameter of 0.645 6 0.010 mm. The monofilament fiber remained 5 h at 18°C
on the metal spools for crystallization and received then a post-treatment for 3h at 40°C applying a vacuum of <10 mbar.
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Step 2: Pre-stretching

[0089] An undrawn (not stretched) polyglyconate monofilament as provided in step 1 was cut to pieces having a length
of approximately 60 cm and then fixed to the clamps of an automatic drawing oven at distance of 460 mm. Pre-stretching
of the monofilament with a ratio of 1:1.84 was then performed in the drawing oven at a temperature of 120 6 2 °C and
at a drawing speed of 5 mm/s.

Step 3: Cutting of the pre-stretched monofilament

[0090] The pre-stretched polyglyconate monofilament pieces as provided in step 2 were fixed at their ends to the
clamps of the cutting machine and held there at certain tension. The cutting machine is equipped with different cutting
modules which sequentially cut through the surface of the monofilament, thread piece is rotated 180 ° by clamps and
cut again with the same cutting depth than the first one. In this way, identical cuts are in aligned disposition in two rows
along the monofilament piece. There are two different operational setups depending on the configuration of the final
product: unidirectional and bidirectional.
[0091] In order to obtain an unidirectional configuration, just one cutting module provided with a blade is used. As an
example, a cutting angle of 40° and spacing between the cuts was selected to be 0.20 mm. A total number of 736 cuts
were done into the undrawn monofilament fiber.
[0092] For a bidirectional configuration, two symmetrical cutting modules provided with two blades are used. Each
cutting unit performs one of the two groups of cuts disposed in the bidirectional configuration of the final product. A
cutting angle of 40° and spacing between the cuts was selected to be 0.20 mm. The two cutting units performed 736
cuts each one. In this way, cuts are disposed in two groups that face each other in opposing direction from the device
center transition zone without cuts.
[0093] During step 3 only cuts into the monofilament material are provided. These cuts do not result in anchoring
elements projecting beyond the surface of the monofilament. These anchoring elements are formed in step 4.

Step 4: Stretching/Drawing

[0094] To convert the obtained pre-stretched and cut polyglyconate monofilament pieces as provided in step 3 into a
self anchoring device, these pieces were fixed to the clamps of the drawing oven and stretched at a temperature of 120
°C 6 2 °C and a drawing speed of 5 mm/s applying a stretching ratio of 2:1.
[0095] During said stretching step the anchoring elements according to the invention with their fin-like angular shape
and their characteristic tapered section between two successive anchoring elements in a row are formed.
[0096] The resulting wound closure device had an average length of the section with projections of 14.7 cm and the
average diameter of the device in the section without projections was approximately 0.370 mm. The final stretched
product produced by mentioned procedure was characterized by an internal (inner) diameter (D) of 155 6 17 mm, a
base length (L) of 141 6 6 mm, a height (H) of 182 6 13 mm, a distance between two anchoring elements (G) of 455 6
26 mm and angles defined as (α) and (β) with approximated values of 45° and 57°, respectively.

Example 2

Manufacturing of a Stopping Element and of a Surgical Suture with Stopping Element

Step 1: Extrusion

[0097] Polyglyconate granulate was dried for 18h (overnight) at 70 °C. The extrusion was performed on a screw
extruder (temperature profile 206 °C, 206 °C, 205 °C, 204 °C) connected to a melt pump (12.5 rpm) equipped to a flat-
shaped die (210 °C). After passing through the die, the resulting tape was quenched in a water bath (40 °C) and passed
over the first set of motorized godets/rollers (speed of 4.8 m/min). Then, the resulting tape was passed through water
bath (30 °C) and following to the second set of motorized godets/rollers (26 m/min). The relation between the speed of
the first and second set of godets/rollers allows to apply a draw ratio of 6.5 to the resulting tape. The stretching step
confers an oriented crystallization to the resulting tape, leading to an appropriate resistance. After this stretching step,
the tape was air-cooled at two furnaces and passed over the last set of godets/rollers (31 m/min) to be finally wound in
one layer cylindrical spools made of metal. The tape remained 24h at 18 °C on the metal spool to complete the crystal-
lization process. Resulting tape had average value for thickness and width of 0.17 mm and 3.794 mm, respectively.
Also, it was characterized by average values for resistance and elongation of 190 N 6 14 N and 39 % 6 5 %, respectively.
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Step 2: Welding and Die cutting

[0098] A surgical suture according to the invention (e.g. manufactured according to Example 1), in particular with a
unidirectional configuration of its anchoring elements was provided. This suture and the tape manufactured in Step 1
were fixed by flanges on the guide lines of a platform in order to couple them by ultrasound welding technology. This
technology was performed on Sonotronic Ultrasonics Technology equipment (Titanium sonotrode, 35 kHz). Distance
between the sonotrode and the platform was adjusted to 0.29 mm and the welding time applied was 0.13 s. As a result,
the tape was welded at the distal end of the barbed thread.
[0099] The die cutting process was performed on a punch press machine with its die set specifically designed to obtain
the required dimensions and shape (here: 3.0 mm length and 1.5 mm width, round edges) of the stopping element.
Suture with tape was inserted carefully through the die until the tape was placed correctly on the guide. Once the welding
was centered at the die, a hand-press was exerted, forcing the punch through the material into the die. Finally, the
(unidirectional configuration) suture with stopping element was obtained.

Example 3

Determining of Anchoring Forces in an Inventive Surgical Suture and in an already commercial available Barbed 
Suture

[0100] In the following the particular anchoring forces of the inventive surgical suture are shown in comparison to an
already commercially available barbed suture.
[0101] In this context, an unidirectional surgical suture according to the invention is manufactured according to Example
1. This suture is provided for a measurement of anchoring forces (together with a needle but without any stopping element).
[0102] The parameters of the inventive surgical suture are summarized in Table 1 below.

[0103] Note that size designation in the inventive surgical suture is not directly related to the diameter of the device,
but it is based on its lineal pull tensile strength, that results equivalent to knot pull tensile strength of a synthetic absorbable
suture with the same USP size designation.
[0104] All the data included in Table 1 for the corresponding parameters result from a considerable number of inde-
pendent measurements, namely from at least 30 measurements.
[0105] Further, another commercial suture with barbs, namely Quill™ Monoderm™ Knotless Tissue-Closure Device
is also provided for such a measurement. Quill™ Monoderm™ bidirectional barbed sutures are manufactured from
monofilament fibres via a micromachining method cutting barbs into the suture around the circumference in a helical
configuration. The barbs are separated from one another by a measured length of 0.62 to 1.39 mm, resulting in the
anchoring of tissue at approximately 1 mm intervals (see Table 2 below).
[0106] The inventive surgical suture and the commercial suture with barbs, Quill™ Monoderm™ Knotless Tissue-
Closure Device, tested to evaluate the anchoring force are characterized by a 15 cm length.
[0107] The number of anchoring elements per mm are shown in the following Table 2:

Table 1

Size G (mm) D (mm) D0 (mm) α  (º) D1 (mm) H (mm) L (mm) β (º)

0 565.2 230.5 901.8 39.9 0.714 349.1 175.3 50.3
2/0 569.2 196.4 745.8 40.7 0.580 275.4 171.2 54.1
3/0 580.7 163.4 681.2 42.5 0.514 255.8 174.1 56.4
4/0 436.5 158.6 493.7 45.3 0.380 180.1 156.8 58.8
5/0 295.3 143.6 395.1 43.7 0.309 127.7 109.6 56.5

Table 2

Polyglyconate Wound Closure Device according to the invention Quill™ Monoderm™

Size G (mm) Anchoring elements per mm USP G (mm) Anchoring elements per mm

0 565.2 3.54 0 1146.3 0.87
2/0 569.2 3.51 2/0 1385.6 0.72
3/0 580.7 3.44 3/0 1363.6 0.73
4/0 436.5 4.58 4/0 619.5 1.61
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[0108] The comparative measurements of the anchoring forces are performed as follows.
[0109] The corresponding surgical suture is passed through a fleece textile, wherein this fleece textile was initially
folded once and then the surgical suture is sticked through the compact part of the textile with a straight needle. Then,
the textile is unfolded, resulting in a flat textile enclosing approximately 2 cm of the surgical suture with the corresponding
anchoring elements in unidirectional arrangement within the body of the fleece.
[0110] After fixing the corresponding suture, the Pull-Out-Force is measured in a corresponding apparatus, namely a
dynamometer equipped with a load cell suitable for the corresponding force levels. Measured is the force which is needed
to pull out the suture against the opposite direction the barbs point, until failure occurred or until the suture slipped
through the fleece textile.
[0111] The results of the corresponding measurements are shown in Table 3

[0112] In this Table 3 the designations are as follows:

- USP: United States Pharmacopeia
- n: number of measurements
- x: force (in Newton, with an average value (ave) and a minimum (min) and maximum (max) value)
- St.dev.: Standard Deviation

[0113] Table 3 shows that the inventive surgical suture has considerably higher anchoring strength compared to
another commercially available barbed suture. Depending on the inventive surgical suture size its anchoring strength is
between approximately 3 times to approximately 5 times higher than that of the commercially available barbed suture
having the same USP designation.
[0114] The Figures show

Fig. 1 a schematic, cross-sectional view of an inventive device according to the invention, namely of an inventive
surgical suture,

Fig. 2 a further schematic, cross-sectional view of the inventive surgical suture,

Fig. 3 a further schematic, perspective view of the inventive surgical suture,

Fig. 4 a schematic, cross-sectional view of an inventive surgical suture inserted and in contact with tissue,

Fig. 5 a schematic view of an inventive surgical suture with unidirectional configuration of its anchoring elements
including a surgical needle and a stopping element,

Fig. 6 a schematic view of the functionality of the stopping element shown in Fig. 5, and

(continued)

Polyglyconate Wound Closure Device according to the invention Quill™ Monoderm™

Size G (mm) Anchoring elements per mm USP G (mm) Anchoring elements per mm
5/0 295.3 6.77 5/0 636.4 1.57

Table 3

Polyglyconate Wound Closure Device according to the 
invention

Quill™ Monoderm™

Size n xi min xave xi max St.dev. USP n xi min xave xi max St.dev.

0 122 33.2 40.6 48.2 3.0 0 60 3.3 7.7 14.0 2.5

2/0 119 23.8 29.3 33.0 2.0 2/0 60 3.6 5.8 8.1 1.1

3/0 121 17.5 21.9 26.4 1.6 3/0 60 2.2 5.3 10.5 1.8

4/0 133 9.9 12.9 15.3 1.0 4/0 60 1.8 4.7 8.2 1.6

5/0 123 6.9 9.2 12.1 1.0 5/0 60 1.4 2.8 4.8 0.8
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Fig. 7 measured holding strength values for an inventive surgical suture with a stopping element shown in Figs. 5 and 6.

[0115] According to Fig. 1 an inventive wound closure device, namely an inventive surgical suture 1, comprises an
elongated body 2 and projections protruding from elongated body 2, wherein said projections have the shape of fin-like
angular anchoring elements 3, 3’.
[0116] Elongated body 2 and anchoring elements 3, 3’ are made from the same material, namely a material which
can be used for surgical sutures, e.g. resorbable polymers, non-resorbable polymers or partially resorbable polymers.
[0117] Anchoring elements 3, 3’ are arranged with the same orientation in longitudinal direction along the length of
elongated body 2 one after the other in two rows 6, 7, wherein said rows 6, 7 have a rotational off-set of 180° from each
other with regard to the longitudinal axis of elongated body 2.
[0118] Further, according to Fig. 1, each of said anchoring elements 3 in row 6 is aligned relating to each corresponding
anchoring element 3’ of the other row 7. Therefore, distance G between any two anchoring elements 3, 3’ in rows 6, 7
is constant.
[0119] Each of said anchoring elements 3, 3’ of surgical suture 1 has a lower base part 4, 4’ with a base length L, an
upper top part 5, 5’, and a height H.
[0120] It can be seen already from Fig. 1 that each anchoring element 3, 3’ is angular, and that each anchoring element
has a fin-like shape similar to the shape of a vertical fin or vertical stabilizer of a tail unit of an aircraft. This fin-like angular
shape of the anchoring elements 3, 3’ provided in the inventive surgical suture is an important feature for the superior
anchoring function of the inventive surgical suture.
[0121] As it is further shown in Fig. 1, elongated body 2 is characterized by diameter D of its cross-sectional area.
This feature will be explained in more detail in context with Fig. 2.
[0122] Further, according to Fig. 1, elongated body 2 is characterized by the fact that each section 8 of the elongated
body 2 between any two successive anchoring elements 3 in a row 6 (which are aligned with the corresponding anchoring
elements 3’ of the other row 7) has the same tapered shape in longitudinal direction of the elongated body 2. This tapered
shape comprises a steady change or an essentially steady change in the cross-sectional area of the elongated body 2.
The smaller (top) area of each section 8 is oriented to the left side of Fig. 1, namely to the direction in which suture 1
will be inserted into tissue.
[0123] In other words: The inventive surgical suture 1 shown in Fig. 1 can also be defined to be put together from a
number of sections 8 with the same tapered shape in longitudinal direction, wherein between each two corresponding
sections the corresponding anchoring elements 3, 3’ are provided in between.
[0124] In Fig. 2 some features and parameters, already shown and explained relating to Fig. 1, are shown and explained
in more detail.
[0125] Again, an inventive surgical suture 1 with an elongated body 2 and fin-like angular anchoring elements 3, 3’ is
shown. In this context, Fig. 2 only shows two anchoring elements 3 and 3’ of each of the two rows which are rotationally
off-set from each other with regard to the longitudinal axis of elongated body 2.
[0126] Each anchoring element 3, 3’ has a lower base part 4, 4’ with a base length L, an upper top part 5, 5’, and a
height H. As it was already shown in Fig. 1, all anchoring elements 3, 3’ have the same fin-like angular shape with the
same height H. In this context, height H is defined via a virtual plane on the elongated body and via the upper limit (top)
of the corresponding anchoring element.
[0127] Further, each anchoring element 3, 3’ has an inclination angle β which is defined between the virtual plane on
the elongated body (see definition of height H) and the corresponding (inner) plane defined by the corresponding limit
of the anchoring element (see Fig. 2).
[0128] Each anchoring element 3, 3’ has a lower base part 4, 4’ with essentially the same base length L. As already
discussed, it is a critical feature of the invention that each anchoring element 3 in a row 6 is aligned relating to each
corresponding anchoring element 3’ of (any other) row 7. In this context, due to the production of an inventive device,
(very) small deviations in the position of the corresponding anchoring elements can be unavoidable. Therefore, as
explained earlier, the term "aligned" can be defined that there must be at least an overlap in the base lengths L of any
two anchoring elements 3, 3’ (opposite to each other). In this context, the base length L should be defined as shown in
Fig. 1, namely by the distance between the two planes which are defined by the two outer limits of the anchoring elements.
[0129] Further, as also shown in Fig. 2, each anchoring element 3, 3’ has a pointed edge 9 which is the front line of
the anchoring elements 3, 3’ when the surgical suture 1 is anchored in the tissue. At the position of that pointed edge 9
a point angle α is defined (see Fig. 2).
[0130] As already explained in context with Fig. 1, diameter D, as also shown in Fig. 2, is a characterizing feature of
the elongated body 2 in the surgical suture 1. As shown in Fig. 2, diameter D is chosen to be the diameter of the smallest
cross-sectional area of the tapered-shaped section of the elongated body between two successive anchoring elements.
In this context, diameter D is the (smallest) distance between two (opposite) points of this (smallest) cross-sectional
area in the virtual plane perpendicular to the longitudinal direction of the elongated body.
[0131] Also shown in Fig. 2 is (outer) diameter D0 which is defined by diameter D and the heights H of two aligned
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anchoring elements. As according to Fig. 2 all anchoring elements 3, 3’ have the same height, D0 = D + 2 H.
[0132] Further shown in Fig. 2, as examples, are diameters D1 (diameter of any portion of the suture without any
anchoring elements) and DN (needle diameter).
[0133] In order to further clarify the explanations according to Figs. 1 and 2, the function of surgical suture 1 is explained
as follows. Surgical suture 1 with elongated body 2 and anchoring elements 3, 3’ is inserted into and pulled through
tissue in the same direction where the anchoring elements point out. This is done by a pointed end or surgical needle
(not shown) attached to the left end of surgical suture 1 in Figs. 1 and 2. Anchoring elements 3, 3’ will anchor themselves
in the tissue which surrounds the suture 1. Due to the fin-like angular shape of the anchoring elements and due to the
tapered shape of the sections of the elongated body there is a superior anchoring effect of the inventive surgical suture 1.
[0134] Fig. 3 is a (further) perspective view of an inventive surgical suture 1 already shown in Figs. 1 and 2. Fig. 3
mainly serves to illustrate the design of the upper top part 5 of the inventive surgical suture 1.
[0135] Also according to Fig. 3 a surgical suture 1 is shown in which anchoring elements 3, 3’ are arranged with the
same orientation in longitudinal direction along the length of elongated body 2 one after the other in two rows, wherein
the two rows have a rotational off-set of 180°.
[0136] Further, as also shown in Fig. 2, and marked in Fig. 3 with respect to anchoring element 3, each anchoring
element has a pointed edge 9 which is the front line of the anchoring elements when the surgical suture 1 is anchored
in the tissue. This will be further explained later in the context of Fig. 4.
[0137] It can be also clearly seen from Fig. 3 that (as earlier explained in the description) anchoring element 3 (and
all other anchoring elements) have an arch-like shape at their upper top part 5. Thus, as also shown in Fig. 3 an arched
pointed edge on each anchoring element is provided which runs along the upper top part 5 of each anchoring element.
As also explained in the context of Fig. 4 this arched pointed edge significantly improves the anchoring strength of the
inventive suture in biological tissues.
[0138] Fig. 4 shows a situation in which surgical suture 1 according to the invention is inserted and anchored into
tissue 11.
[0139] As shown and explained in Figs. 1 and 2 the suture 1 with elongated body 2 and anchoring elements 3, 3’ was
inserted and pulled through tissue 11 into direction of the left side of Fig. 4 by means of a pointed end or surgical needle
(not shown) attached to the left end of surgical suture 1. Due to the insertion and passage of suture 1 into tissue 11 a
channel 12 was formed in the tissue.
[0140] Note that the passage of the suture 1 in the tissue 11 is hindered in the direction of the right site of Fig. 4, i.e.
opposite direction where the anchoring elements point out, because the anchoring elements will stay in contact with the
tissue surrounding suture 1 in channel 12.
[0141] In this context, Fig. 4 shows that the angular fin-like anchoring elements 3, 3’ have a comparably great contact
area between the upper top part of the anchoring element and the tissue. The pointed edge preferably provided in the
front position during the anchoring process also contributes to the superior anchoring effect.
[0142] In contrast to this, in most existing commercial barbed sutures, the weak barb morphology provokes that the
barb bends backwards under stress, thus reducing significantly its anchoring capacity.
[0143] Furthermore, mathematical simulation studies have demonstrated that above explained special feature of the
inventive suture gives rise to an anchoring behavior which is independent of tissue stiffness. In this sense, the device
does not need a critical tissue stiffness to work properly, having little sensitivity to this parameter. Simulation studies
have also shown that this parameter is, however, vital in most of existing commercial barbed sutures that require of
tissue stiffness to generate anchoring forces. Thus, whereas conventional barbed sutures require of a barb geometry
optimization in order to achieve the optimal anchoring performance in a determined biological tissue, self-anchoring
wound closure devices object of this invention will show an optimal anchoring behavior regardless of the characteristics
of the biological tissue.
[0144] Referring now to Fig. 5 this schematic drawing illustrates an inventive surgical suture with an unidirectional
configuration of its anchoring elements including a surgical needle and a stopping element.
[0145] Fig. 5 illustrates in a schematic view an exemplary embodiment of an unidirectional surgical suture according
to the present invention. This surgical suture 21 comprises an elongated body 22 wherein the inventive anchoring
elements 23 and 23’ with their fin-like design are only schematically illustrated. Anchoring elements 23 and 23’ are
disposed in two rows in which all anchoring elements 23, 23’ have the same height H and the same distance G (not
explicitly shown). All anchoring elements 23, 23’ point to the same longitudinal direction. The inventive surgical suture
21 is provided with a surgical needle 24 (as an example for any other possible insertion device) at its proximal end and
comprises a stopping element 25 having a flat tab-shape configuration at its distal end. The stopping element 25 can
be formed by any suitable method known to those skilled in the art, however preferably according to the method illustrated
in Example 2.
[0146] The flat tap-shaped stopping element 25 can have the dimensions as outlined earlier in the description. Pref-
erably this stopping element in the form of a rectangular tab with rounded edges has a length (larger dimension) of 3.0
mm and a width of 1.5 mm. The thickness of the tab is preferably 0.15 mm.
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[0147] In the context of the description of the surgical suture 21 in Fig. 5, Fig. 6 illustrates a preferred arrangement
and function of stopping element 25 on surgical suture 21. According to Fig. 6 stopping element 25 can have two positions.
At its initial position stopping element 25 (fixation tab) is arranged in a plane parallel to the elongated body 22 of surgical
suture 21. When the surgical suture 21 passes through the tissue and the stopping element 25 comes in contact with
the tissue, stopping element 25 is deployed in a plane perpendicular to the elongated body 22 of the surgical suture 21.
This is a consequence of the resistance exerted against the tissue. Thus, as shown in Fig. 6 the second position of the
stopping element 25 after deployment further fixes the position of the surgical suture 21 in the tissue after suture 21 has
been anchored in the tissue via the anchoring elements 23, 23’ provided on the elongated body 22 of the surgical suture 21.
[0148] Test results have shown that the holding strength of the stopping element 25 as illustrated in Figs. 5 and 6 is
at least equivalent or even statistically greater than the knot pull tensile strength requirement of synthetic absorbable
monofilament (unbarbed) sutures of the same USP size designation.
[0149] Referring in the latter context to Fig. 7, in this Figure the holding strength (in Newton N) of a stopping element
25 is shown for inventive wound closure devices of various sizes . For comparison, as dotted lines, the USP requirement
for knot pull tensile strength (in Newton N) of a synthetic absorbable monofilament surgical suture (without any anchoring
elements) is plotted also in Fig. 7. The corresponding values for a USP size of 2/0 is 26.3 N, for a USP size of 3/0 is
17.4 N, and for a USP size of 4/0 is 9.32 N.
[0150] As Fig. 7 clearly shows, the holding strength of the stopping element of all inventive wound closure devices
with a corresponding size is at least as high as the USP knot pull tensile strength (e.g. size 2/0), or even considerably
higher (e.g. for size 3/0 and size 4/0).

Claims

1. Wound closure device (1), in particular surgical suture (1), comprising

- an elongated body (2) having a cross-sectional area with diameter D, and
- projections protruding from said elongated body (2),

wherein

- each of said projections is in the shape of a fin-like angular anchoring element (3, 3’) having a lower base part
(4, 4’) with a base length L, an upper top part (5, 5’), and a height H,
- said anchoring elements (3, 3’) are arranged in longitudinal direction along the length of the elongated body
(2) one after the other in at least two rows (6, 7), with a distance G between any two anchoring elements (3, 3’)
in any row (6, 7),
- each of said anchoring elements (3) in a row (6) is aligned relating to each corresponding anchoring element
(3’) of any other row (7), and
- each section (8) of the elongated body (2) between two successive anchoring elements (3) in a row (6) has
the same tapered shape in longitudinal direction, with a steady change or an essentially steady change in the
cross-sectional area of the elongated body (2).

2. Wound closure device according to claim 1, characterized in that there are two rows (6, 7) of anchoring elements
(3, 3’), wherein preferably said rows (6, 7) have a rotational off-set of 180° from each other with regard to the
longitudinal axis of the elongated body (2).

3. Wound closure device according to any of the preceding claims, characterized in that said anchoring elements (3,
3’) have an arch-like shape, wherein preferably said anchoring elements (3, 3’) have an arched upper top part (5, 5’).

4. Wound closure device according to any of the preceding claims, characterized in that said anchoring elements (3,
3’) have at least one pointed edge (9) at their upper top part (5, 5’), preferably at their arched upper top part (5, 5’).

5. Wound closure device according to claim 4, characterized in that said pointed edge (9), in a side view, is defined
by a point angle α ≤ 70°, in particular by a point angle α between 15° and 60°, preferably between 20° and 55°.

6. Wound closure device according to any of the preceding claims, characterized in that there is an inclination angle
β ≤ 85°, between said anchoring element (3, 3’) and said elongated body (2), in particular an inclination angle β
between 20° and 80°, preferably between 20° and 75°, and further preferred between 35° and 65°.
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7. Wound closure device according to any of the preceding claims, characterized in that all anchoring elements (3)
in a row (6) have the same height H, wherein preferably all anchoring elements (3, 3’) in all rows (6, 7) have the
same height H.

8. Wound closure device according to any of the preceding claims, characterized in that distance G between any
two anchoring elements (3) in a row (6) is constant, wherein preferably distance G between any two anchoring
elements (3, 3’) in any row (6, 7) is constant.

9. Wound closure device according to any of the preceding claims, characterized in that the ratio between diameter
D and height H is from 1 : 0.,3 to 1 : 5, in particular from 1 : 0.8 to 1 : 3, preferably from 1 : 1 to 1 : 2, and/or that the
ratio between diameter D and distance G is from 1 : 0.8 to 1: 15, in particular from 1 : 1 to 1 : 10, preferably from
1 : 1.5 to 1 : 6, and/or that the ratio between base length L and distance G is from 1 : 0.8 to 1 : 6, in particular from
1 : 1 to 1 : 3.

10. Wound closure device according to any of the preceding claims, characterized in that a majority of, and preferably
all of said anchoring elements (3) in a row (6) have the same orientation, and in particular also a majority of said
pointed edges (9) of said anchoring elements (3), point in the same longitudinal direction along the length of said
elongated body (2).

11. Wound closure device according to claim 10, characterized in that said majority of or said all anchoring elements
(3, 3’) or pointed edges (9) of all rows (6, 7) point in the same longitudinal direction along the length of said elongated
body (2).

12. Wound closure device according to any of the preceding claims, in particular according to claim 10 or claim 11,
characterized in that said wound closure device comprises at least two portions of an elongated body (2) with
anchoring elements (3, 3’), wherein said anchoring elements (3, 3’) of said two portions, and in particular also said
pointed edges (9) of said anchoring elements (3, 3’), point in opposite longitudinal directions along the length of said
elongated body (2).

13. Wound closure device according to any of the preceding claims, in particular according to any of claims 10 to 12,
characterized in that there is at least one portion of an elongated body (2) without projections, wherein preferably
said portions without projections are provided at an end of said elongated body (2) with projections, in particular at
the end of said surgical suture.

14. Wound closure device according to any of the preceding claims, characterized in that said wound closure device,
in particular said surgical suture, comprises at least one pointed end, preferably a surgical needle, at at least one
end of said elongated body (2).

15. Wound closure device according to any of the preceding claims, characterized in that said wound closure device,
in particular said surgical suture, comprises at least one stopping element.

16. Wound closure device according to claim 15 in the form of a surgical suture (21), wherein all anchoring elements
(23, 23’) in all rows have the same unidirectional orientation, comprising a surgical needle (24) at one end of said
elongated body (22) and a stopping element (25) at the other end of said elongated body (22).

17. Method for producing a wound closure device, in particular a surgical suture according to one of the preceding
claims, wherein

- an undrawn elongated body, in particular an undrawn monofilament is pre-stretched along its longitudinal
direction,
- cuts are created in said elongated body after pre-stretching, and
- said elongated body with cuts is stretched along its longitudinal direction.



EP 3 721 813 A1

16



EP 3 721 813 A1

17



EP 3 721 813 A1

18



EP 3 721 813 A1

19



EP 3 721 813 A1

20



EP 3 721 813 A1

21



EP 3 721 813 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 3 721 813 A1

23

5

10

15

20

25

30

35

40

45

50

55



EP 3 721 813 A1

24

5

10

15

20

25

30

35

40

45

50

55



EP 3 721 813 A1

25

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 3123077 A [0003]
• GB 1091282 A [0003]
• EP 1656890 A2 [0004]
• EP 1075843 A1 [0005]
• WO 2004030704 A2 [0006]

• WO 2009020795 A1 [0007]
• EP 2449981 A1 [0008]
• WO 2013048947 A1 [0009]
• WO 2005112787 A2 [0075]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

